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minilaparotomy for complicated occlusive disease
and aneurysm
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James O. Peabody, MD,b and Mani Menon, MD,b Detroit, Mich
Objective: Published reports of robotic-assisted aortic surgery involve a combination of laparoscopy for aortic dissection
and a robotic system for vascular reconstruction. The objective of this study is to determine the feasibility and advantage
of a total robotic-assisted aortic dissection and vascular reconstruction vs robotic-assisted aortic procedures for aortoiliac
occlusive disease (AIOD) and abdominal aortic aneurysm (AAA).
Methods: From February 2006 to August 2010, 21 patients were selected for robotic-assisted aortic procedures:
aortobifemoral bypass in 12, AAA repair in 6, iliac aneurysm repair in 1, and ligation of type II endoleak after
endovascular aneurysm repair in 2. Inclusion criteria included AAA >5 cm, iliac aneurysm >3 cm, and AIOD
TransAtlantic InterSociety Classification (TASC) C or D lesions. The da Vinci S Surgical System (Intuitive Surgical
Inc, Sunnyvale, Calif) was used for the abdominal aortic dissection in all cases and for the aortic anastomosis in three
cases.
Results:The 21 patients (6 women, 15men) were an average age of 65.7 years (range, 44-86 years), had a bodymass index
(BMI) of 27.23 kg/m2, and 90.4% were American Society of Anesthesiologists (ASA) class 3 or 4. Robotic dissection of
the abdominal aorta was successful in 20 patients (95.2%). One patient required full conversion to open AAA repair due
to trocar injury. Of the remaining 20 patients, the average robotic dissection time of the infrarenal aorta was 113.1
minutes, and the average aortic clamp time was 86 minutes. The procedure in 15 patients was performed with a
minilaparotomy using an average abdominal incision of 13 cm to implant the Dacron or polytetrafluoroethylene graft.
Five patients underwent a total robotic-assisted procedure with robotic aortic reconstruction or ligation of a type II
endoleak. The 30-day survival rate was 100%. Median length of stay was 7.5 days. All grafts were patent at a median
follow-up of 32.0 months.
Conclusions: For aortic procedures completed total robotically without an abdominal incision, the estimated blood loss
was significantly less than in robotic-assisted procedures with a minilaparotomy. In these selected patients, robotic-
assisted technology may be part of the armamentarium for the vascular surgeon as another less invasive method for the
treatment of complicated occlusive disease or aneurysm. (J Vasc Surg 2012;55:16-23.)
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wAccording to the Nationwide Inpatient Sample data
from 2001 to 2006, elective endovascular aneurysm repair
(EVAR) has replaced open aneurysm repair as the more
common method of repair for patients of all ages in the
United States.1 Although the perioperative mortality rate is
significantly less after EVAR compared with open sur-
gery,2,3 reintervention and readmission are slightly higher
after EVAR, and survival is negatively affected by reinter-
vention or readmission after EVAR.4 Long-term EVAR
experience indicates that 9% to 18% of patients require
additional secondary procedures and that aneurysm rupture
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16eveloped in 1.5% to 1.8% after EVAR.5,6 Late survival is
imilar after open and EVAR.2,3
When compared with open procedures for the treat-
ent of aortoiliac occlusive disease (AIOD), endovascular
rocedures have superior short-term clinical and economic
utcomes.7 The current recommendation from the Trans-
tlantic InterSociety Consensus (TASC) II guideline for
he Management of Peripheral Arterial Disease states: “En-
ovascular therapy is the treatment of choice for type A
esions and surgery is the treatment of choice for type D
esions; endovascular treatment is the preferred treatment
or type B lesions and surgery is the preferred treatment for
ood-risk patients with type C lesions.”8
Laparoscopic or robotic-assisted aneurysm repair is an-
ther less invasive method for the repair of an aneurysm,
reation of a bypass for occlusive disease, or as secondary
ntervention after EVAR for patients who are not suit-
ble for percutaneous reintervention and otherwise
ould require an open operation. Previous studies have
emonstrated the safety and efficacy of total laparoscopic
ortic surgery and laparoscopic-assisted aortic surgery
ith minilaparotomy.9-12 Published reports of robotic-ssisted aortic surgery involve a combination of laparos-
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Volume 55, Number 1 Lin et al 17copy for aortic dissection and a robotic system for vascu-
lar reconstruction.13,14
Currently, the usage for robotic-assisted aortic surgery
Fig. Illustration shows the operating room set-up and p
placement for the robotic and laparoscopic instruments:
suctioning; 3, assistant port for the stapling device; 4, dis
robotic right arm.includes failure of previous stenting or TASC C and D for mIOD, a large aneurysm in a relatively healthy individual,
nd individuals with enlargement of the aneurysm sac after
ndograft exclusion. This study was conducted to deter-
oning of the patient. The upper right insert shows port
oximal aortic clamp; 2, assistant port for retracting and
rtic clamp; 5, robotic left arm; 6, robotic camera; and 7,ositi
1, pr
tal aoine the feasibility and advantage of total robotic-assisted
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assisted aortic procedures for AIOD and AAA.
PATIENTS AND METHODS
From February 2006 to August 2010, 21 patients were
evaluated and selected for robotic aortic procedures. Pa-
tient comorbidities of coronary artery disease, hyperten-
sion, chronic obstructive pulmonary disease (COPD), to-
bacco usage, diabetes, hyperlipidemia, previous abdominal
operation, and body mass index were recorded. Preopera-
tive evaluation included arterial Doppler study, computed
tomography angiography, arteriography, magnetic reso-
nance angiography, dobutamine echocardiogram or thal-
lium stress test, or pulmonary function test, or both. Pa-
tient perioperative and midterm outcomes were recorded
in the institutional electronic medical record. Follow-up
and graft patency evaluation were done by clinical exami-
nation, ankle-brachial index, duplex ultrasound imaging, or
computed tomography angiography.
Inclusion criteria included AAA 5 cm, iliac aneurysm
3 cm, and AIOD TASC C or D lesions. For the AOID
patients, previously percutaneous interventions had failed
or they were not amenable for further endovascular ther-
apy. For patients who had EVAR for aneurysmal disease,
type II endoleak had developed with sac enlargement of5
mm and they were deemed not suitable for transcatheter
therapy. Exclusion criteria included aortic calcifications,
severe cardiac disease, or congestive heart failure with an
ejection fraction of 40%, severe COPD, or severe renal
dysfunction.
Once patients were deemed acceptable candidates for
an operation, the options of robotic-assisted procedure,
endovascular therapy, and the open method were explained
to the patient and his or her family. These descriptions
included full details of the procedures, risks, and benefits of
each of the three options. After obtaining informed con-
sent, the patients had full autonomy to decide for them-
selves the option they wished. The lead author (J.C.L.)
performed all three techniques—open repair, endovascular
intervention, and robotic-assisted procedures for occlusive
disease and aneurysm. If the patient chose the robotic-
assisted operation, these procedures were performed by the
lead author (J.C.L.) as the operating surgeon and two
authors (S.A.K. and A.B.) as the patient-side assistants in
the operating room.
Patients who refused robotic-assisted aortic procedures
were respected and excluded from this study. In addition,
eight patients who underwent laparoscopic aortic surgery
without robotic assistance before 2006 were excluded be-
cause we did not have an Institutional Review Board-
approved protocol for the use of the robotic system.
The interventions included aortobifemoral bypass
(ABFB) in 12 patients, AAA repair in 6, iliac aneurysm
repair in 1, and ligation of type II endoleak after EVAR in 2.
The da Vinci Surgical System (Intuitive Surgical Inc,
Sunnyvale, Calif) was used before 2008, and the da Vinci S
Surgical system was used from 2008. The robotic device
was used for the abdominal aortic dissection in all cases and Dor the aortic anastomosis in three. This device is currently
ot approved by the United States Food and Drug Admin-
stration for aortic operations; thus, these robotic-assisted
ortic procedures were performed by the lead author under
n Institutional Review Board-approved protocol and in-
ormed consent obtained from the patient.
Surgical technique. After induction of general anes-
hesia, the patient was placed in a semi-right lateral decub-
tus position using a gel roll underneath the left side of the
ack, with both groins exposed. The left arm was placed in
natomic position and the right arm extended laterally. The
perating room setup is illustrated in the Fig. For occlusive
isease, the femoral arteries were dissected and the skin
ncisions of both groins stapled temporarily. For aneurysm
epair, the patient was rotated more laterally to the full right
ecubitus position.
The Veress technique was used to establish a pneumo-
eritoneum to a pressure of 15 mm Hg. A 12-mm trocar
or the robotic camera and two 8-mm trocars were inserted
nto the abdominal cavity along the anterior axillary line, at
he left subcostal margin, midabdomen, and left lower
uadrant. Three or four additional laparoscopic assistant
orts with 5-, 10-, and 12-mm trocars were placed in the
idline.
The da Vinci S Surgical System, with three draped arms,
as docked and connected to a 30° camera and two addi-
ional arms using a fenestrated bipolar grasper and a mono-
olar electrocautery hook. Our previously published ro-
otic technique was done via transabdominal, retrocolic,
nterenal access to the infrarenal aorta with a minilapa-
otomy for graft implantation.15 Our current technique
equired no abdominal incisions. The inferior mesenteric
rtery takeoff was clipped with 10-mm Weck clip (Hem-o-
ok Weck Closure System, Research Triangle Park, NC)
nd 10-mm titanium clip, and transected at its origin.
umbar arteries and veins were clipped with titanium clips
nd divided. The entire dissection of the infrarenal aorta
rom the renal artery to the aortic bifurcation was per-
ormed using the robotic surgical system.
For patients with type II endoleak after EVAR, the
umbar arteries and inferior mesenteric artery were ligated.
he sac was opened in one case, and Coseal (Baxter,
able I. Patient comorbidities
omorbidities No. (%)
oronary artery disease 18 (85.7)
istory of myocardial infarction 3 (14.3)
hronic obstructive pulmonary disease 6 (28.6)
urrent tobacco use 9 (42.9)
moking history 12 (57.1)
yperlipidemia 18 (85.7)
ypertension 18 (85.7)
revious abdominal operation 2 (9.5)
revious vascular operation 6 (28.6)
iabetes mellitus 9 (42.9)
hronic renal insufficiency 2 (9.5)eerfield, Ill) was injected into the sac in another case.
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to perform a minilaparotomy or proceed without an ab-
dominal incision depended on the judgment of the operat-
ing surgeon and the team: how well the case was progress-
ing (2 hours from docking of robot to aortic dissection,
good visualization, etc), whether the patient was stable
(making good urine output, not much blood loss, etc.),
and whether the aorta could be clamped safely with the
laparoscopic aortic clamp (amount and level of aortic calci-
fication).
A Dacron knitted or polytetrafluoroethylene (PTFE)
bifurcated graft with the limbs tied using 0-0 silk was
introduced into the abdomen. If a minilaparotomy was
made, a left lateral abdominal incision of13 cm was made
for the implantation of the bypass graft. The right groin
incision was reopened, and a long aortic clamp was passed
anterior to the iliac artery from the right groin to the aorta.
The right limb of the graft was tunneled in a retroperitoneal
plane from aorta to the groins, and the left limb was
tunneled later. After heparin and mannitol were given
intravenously, the proximal aorta was clamped below the
lowest renal artery using a 10-mm laparoscopic aortic
clamp (Karl Storz, Tuttlingen, Germany). The distal aorta
was clamped or stapled using the Echelon Flex 60 Endop-
ath Stapler (Ethicon, Piscataway, NJ). The aorta was tran-
sected or a longitudinal arteriotomy was made with robotic
scissors. The aortic thrombus and plaque was removed
from the aortic lumen, if necessary.
Two running sutures of PTFE (CV-3 Gore-Tex; W. L.
Gore and Associates, Flagstaff, Ariz) were tied to a
pledgeted end. The bifurcated Dacron graft was introduced
through the 12-mm port near the umbilicus region into the
abdominal cavity. The two robotic arms were used to
perform the aorta-to-graft anastomosis in an end-to-end or
an end-to-side fashion. A laparoscopic nerve hook inserted
through the assistant port was used to secure and tighten
the running PTFE sutures. After completion of the anasto-
mosis, the two suture ends were tied intracorporeally using
robotic instrument knot-tying technique. Anastomotic
bleeding was oversewn robotically using Medtronic U-clip
S-105 sutures (Medtronic, Minneapolis, Minn).
After completion, the groin staples were removed and
the graft limbs were tunneled to the respective groins. The
femoral anastomoses were performed in a standard end-to-
side fashion using running 6-0 Prolene (Ethicon, Somer-
ville, NJ) sutures. The 8-, 10-, and 12-mm port incisions
Table II. Operative variables and postoperative course wit
Operation No. Aortic clamp time (m
Total robotic ABFB 3 60.0  21.2
Robotic-assisted aortic surgery 15 94.7  66.6
Pb .402
ABFB, Aortobifemoral bypass; EBL, estimated blood loss; LOS, length of st
aData are presented as mean  standard deviation.
bMann-Whitney test. P  .05 is statistically significant.were closed using interrupted 0-0 Vicryl (Ethicon) sutures aia Carter-Thomason CT ClosureSure System (Cooper
urgical, Trumbull, Conn). Both groins were closed in
ayers in the standard fashion.
Data analysis. This retrospective, nonrandomized
tudy was performed using prospectively gathered data.
tatistical analysis was performed using SAS 9.2 software
SAS Institute, Cary, NC). For comparing two groups, a
onparametric Mann-Whitney test was used. For compar-
ng four groups, a nonparametric Kruskal-Wallis test was
sed. When four groups were compared for difference, all
airwise comparisons were examined. A value of P  .05
as considered statistically significant.
ESULTS
The 21 patients (6 women, 15 men) were an average
ge of 65.7 years (range, 44-83 years) and had a body mass
ndex of 27.23 kg/m2 (range, 20.2-34.5 kg/m2). The
merican Society of Anesthesiologists (ASA) category was
SA 3 in 42.9% and ASA 4 in 47.6%. Patient demographics
re summarized in Table I. Coronary artery disease, hyper-
ipidemia, and hypertension were present in 18 of 21 pa-
ients (85.7%), and 3 (14.3%) had a history of myocardial
nfarction. Smoking history included 12 (57.1%) former
mokers and 9 (42.9%) active smokers. Six patients (28.6%)
ad COPD, nine (42.9%) had diabetes mellitus, and two
9.5%) had chronic renal insufficiency. Two (9.5%) had
ndergone a nonvascular operation in the abdomen, and
ix (28.5%) had undergone vascular operations, including
VAR, iliac stenting, femoral endarterectomy, and above
nee amputation.
Indication for aortofemoral bypass in patients with
IOD included lifestyle-limiting claudication refractory to
edical therapy in 33.3%, rest pain in 41.7%, and tissue loss
r gangrene in 25%. Two of 12 patients (16.7%) had TASC
and 10 (83.3%) had TASC D lesions. The mean AAA
iameter was 54.6 mm (range, 50-62 mm) and the com-
on iliac aneurysm diameter was 42 mm.
Robotic-assisted dissection of infrarenal abdominal
orta was successful in 20 patients (95.2%). One patient
ustained trocar injury during the initial placement and
nderwent full conversion to open repair of a juxtarenal
AA. Of the remaining 20 patients, the average robotic
issection of the infrarenal aorta was 113.1 minutes. The
rocedure in 15 patients, 9 for occlusive disease and 6 for
neurysm, was performed with a minilaparotomy using an
d without minilaparotomya
s) EBL (mL) LOS (days) Mini-incision (cm)
300.0  100.0 8.3  2.1 None
1390.0  893.9 9.9  7.4 12.9  1.6
.009 .673 NA
, not applicable.h an
inute
ay; NAverage abdominal incision of 13 cm to implant the graft.
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and two had ligation of type II endoleak.
Among the 18 patients with vascular reconstruction,
grafts were bifurcated in 14 (77.8%) and were tube grafts in
4 (22.2%), 9 were PTFE, and 9 were Dacron grafts. The
average aortic clamp time was 86 minutes. Overall median
length of stay (LOS) was 7.5 days. All grafts were patent
with a median follow-up of 32.0 months. The 30-day
mortality rate was 0%. All patients were discharged home or
to a rehabilitation facility. No patients were lost to follow-
up.
The operative variables and postoperative course for
total robotic vs robotic-assisted with minilaparotomy for
graft implantation are summarized in Table II. The esti-
mated blood loss was significantly less (P  .009) and no
incisions were made in the total robotic group. However,
there was no statistical significance between the aortic
clamp time and LOS in the total robotic group vs the
robotic-assisted group.
Two patients underwent robotic-assisted ligation of a
type II endoleak at 20 and 33 months after EVAR using
Excluder endograft (W. L. Gore). One patient had prior
transcatheter coil embolization for a type II endoleak at 12
months after EVAR. One patient also had tertiary interven-
tion via endovascular repair of a type III endoleak using an
Excluder limb at 35 months after EVAR. Both patients had
a stable aneurysm sac at 44 months and 33 months after the
robotic-assisted secondary intervention, and at 64 and 66
months from the original EVAR, respectively.
When operative variables were compared by types of
operation (Table III), the operative time was the longest
for total robotic ABFB because of the extensive groin
dissection from previous operations. The aortic dissection
time was the longest for aneurysm repair. The aortic clamp
time was shortest for total robotic ABFB. The estimated
blood loss was significantly less in the total robotic ligation
of type II endoleak and total robotic ABFB compared with
robotic-assisted ABFB and AAA repair (P  .008). The
LOS was shortest in the total robotic ligation group and
longest in the robotic-assisted ABFB group (P  .038).
Pairwise comparison P values are summarized in Table IV.
The complications that delayed patient LOS included
postoperative atrial fibrillation in three patients with history
of atrial fibrillation taking warfarin. They developed refrac-
Table III. Variables by type of operationa
Operation No. Oper
Robotic ligation of endoleak 2 221
Robotic-assisted ABFB 9 425
Total robotic ABFB 3 493
Robotic-assisted AAA repair 6 396
Pb
AAA, Abdominal aortic aneurysm; ABFB, aortobifemoral bypass; EBL, esti
aData are presented as mean  standard deviation (range).
bKruskal-Wallis test. P  .05 is statistically significant.tory postoperative atrial fibrillation and required intensive bedical therapy or atrioventricular nodal ablation that de-
ayed their discharge. Other complications included Clos-
ridium difficile colitis in two patients, groin seroma man-
ged conservatively, and prolonged ileus and colonic
seudo-obstruction managed with nasogastric decompres-
ion and neostigmine. One patient required an additional
eoperation for repair of distal anastomotic bleeding imme-
iately postoperative, an abdominal wound infection devel-
ped in one patient requiring operative drainage on post-
perative day 5, and a lymphocutaneous fistula developed
n one patient on postoperative day 9 at home that eventu-
lly led to local infection of the graft that required partial
xcision.
ISCUSSION
Robotic-assisted procedures have gained popularity in
rologic, gynecologic, and general surgical specialties;
owever, even with the third-generation of robotic tech-
ology, robotic-assisted aortic surgery is still in its infancy.
obotic-assisted laparoscopic aortic surgery is feasible in
he treatment of aortoiliac occlusive disease13 and renal
rtery aneurysm,16 and the learning curve is important.14
he role of robotic technology in vascular surgery is still
ndefined. The limitation of this study is the small number
f patients over a span of 4 years, which hinders the
rogress of mastering the learning curve in robotic-assisted
ortic surgery and leads to patient selection bias. It is also
ifficult to statistically compare robotic-assisted aortic sur-
ery with and without minilaparotomy in such a small
umber of patients.
Current usage of the robotic surgical system includes
n alternative method for the treatment of long occlusive
isease in patients who would otherwise require an open
BFB operation, secondary intervention when previous
ndoluminal therapy has failed, primary repair of an AAA in
relatively healthy patient, and type II endoleak after
VAR with sac enlargement or failed coil embolization.
The robotic surgical system offers several advantages
ver the conventional open method. First, patients can
xpect the durable outcomes of an open operation with the
dded benefits of a minimally invasive procedure. The
-year primary and secondary patency rates of 93% and
5.6% for laparoscopic ABFB were comparable to open
ypass.17 The laparoscopic method leads to faster recovery
time (minutes) Robotic dissection of aorta (minutes)
(193-249) 221  40 (193-249)
(286-544) 101  31 (70-131)
(463-533) 93  13 (84-102)
6 (214-617) 152  17 (140-164)
.107 .153
blood loss; LOS, length of stay.ative
 40
 94
 36
 14
matedy reducing operative trauma. However, many have criti-
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alternative may shorten the learning curve of vascular re-
construction.
Another advantage is shortening the learning curve of
suturing. In our study, the proximal clamp time was 60
minutes, with an anastomosis time of 30 to 45 minutes.
This is consistent with other reports of robotic-assisted
vascular reconstruction. Novotny et al14 showed that anas-
tomosis creation has been overcome using the robotic
operating system and its learning curve is short. Stadler et
al18 showed that robotic operating systems improve the
precision, control, and dexterity of the surgical procedure
with a high technical success rate. Creation of the aortoiliac
anastomosis appears to be quicker and more accurate than
with conventional laparoscopic techniques.19
The third advantage of the robotic system is the im-
proved 3-dimensional visualization, which could translate
to lower blood loss. Estimated blood loss in our study was
significantly less in the total robotic-assisted ligation of type
II endoleak and total robotic-assisted ABFB without an
abdominal incision. Improved visualization, enhanced
magnification, and 7 degrees of wrist movement allow the
operating surgeon impeccable precision and control.
One disadvantage of using the robotic surgical system is
the longer operative time, attributable to extensive retro-
colic dissection. In our current protocol of robotic dissec-
tion of the retrocolic area,30 to 45 minutes is required to
mobilize the left colon, and dissection of the aorta averages
another 60 to 90 minutes. Perhaps a transperitoneal ap-
proach and full right lateral decubitus position with bowel
Table III. Continued.
Aortic clamp time (minutes) EBL (mL)
Not applicable 50  0
102  93 (25-205) 1050  780 (450-2900
60  21 (45-75) 300  100 (200-400)
87  48 (45-140) 1900  863 (400-2600
.701 .008
Table IV. Pairwise comparison P valuesa
Comparison Operative time Diss
Ligation of endoleak vs
Robotic-assisted ABFB .037
Total ABFB .083
Robotic AAA repair .096
Robotic-assisted ABFB vs
Total ABFB .307
Robot AAA repair .606
Total ABFB vs robotic AAA repair .197
AAA, Abdominal aortic aneurysm; ABFB, aortobifemoral bypass; EBL, esti
aMann-Whitney test. Values of P  .05 are significant.retractor would be more direct and shorten the time to the Aorta. In most instances, the prolonged operative time
ctually stems from the groin dissections on the reoperative
roins, femoral endarterectomy, and profundaplasty, which
ook additional an additional 2 to 3 hours for both groins.
A percutaneous intervention might have been success-
ul in patients with TASC C and D lesions, albeit with lower
atency rate. The patients in our series had extensive occlu-
ive disease involving the aorta, iliac, and femoral arteries
nd were not amenable for transluminal therapy, or previ-
us endovascular interventions had failed. Two patients
ad TASC C lesions in which previous stenting had failed,
nd 10 patients had TASC D lesions that would require an
pen operation or axillobifemoral bypass for limb salvage.
The abdominal dissection in the patient who had total
obotic ABFB took an average of 93 minutes, and the
roximal aortic clamp time was 60 minutes. However, most
f the time was spent in the reoperative groin dissection,
emoral endarterectomy, and patch angioplasty of the com-
on femoral and profunda femoris artery. Among the three
atients (all TASC D lesions) in this group, one had previ-
us iliac stenting and femoral endarterectomy that oc-
luded and required profundaplasty; one patient had un-
ergone two previous open exposures for iliac stent
lacement that had failed, which prolonged the groin dis-
ection and required aortic thrombus removal; and one had
n occluded left femoral artery requiring endarterectomy
nd bovine patch angioplasty in addition to the ABFB.
The aortic dissection time was longer for robotic-
ssisted ABFB via minilaparotomy than for total robotic
Length of incision (cm) LOS (days)
None 1.5  0.7 (1-2)
12.2  0.8 (11-13) 12.2  8.8 (5-27)
None 8.3  2.1 (6-10)
14.0  2.0 (12-16) 6.3  2.6 (5-10)
.167 .038
time Aortic clamp time EBL Incision LOS
NA .033 NA .032
NA .075 NA .083
NA .043 NA .033
.564 .012 NA .707
.827 .140 .167 .070
.374 .027 NA .136
blood loss; LOS, length of stay; NA, not applicable.)
)ection
NA
NA
NA
.999
.083
.121BFB. Time for robotic dissection of aortic aneurysm is
11
1
1
1
1
1
1
1
1
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aortic aneurysm.
The LOS was longest in the robotic-assisted ABFB
group because of the severity of patient comorbidities. One
patient in this group also underwent left femoral-posterior
tibial bypass and toe amputation during the same hospital-
ization for limb salvage, thus increasing his overall LOS.
Others may question the expense and availability of the
robotic system. Many hospitals in the United States own at
least one da Vinci Surgical System; thus, there is no addi-
tional fixed cost. Our current protocol uses four robotic
instruments—hook electrocautery, bipolar grasper and
cautery, needle holder, and scissors—for the entire colonic
mobilization, aortic dissection, and vascular reconstruc-
tion. The other instruments are reusable, laparoscopic in-
struments from the assistant’s port that are readily available
in most operating rooms. Limiting the number of robotic
instrument exchanges will lower the overall cost of the
procedure.
CONCLUSIONS
In this selected group of patients, total robotic-assisted
aortic surgery for aortic dissection and vascular reconstruction
is feasible. With further advancement of robotic technology
and instrumentation, robotic-assisted aortic procedures may
expand the armamentarium for vascular surgeons as a primary
or adjunctive intervention for patients with aortoiliac occlusive
or aneurysm disease.
AUTHOR CONTRIBUTIONS
Conception and design: JL
Analysis and interpretation: JL, SK, AB, EP
Data collection: JL, SK, AB
Writing the article: JL
Critical revision of the article: JL, SK, AB, JP, MM
Final approval of the article: JL, SK, AB, JP, MM
Statistical analysis: EP
Obtained funding: MM
Overall responsibility: JL
REFERENCES
1. Schwarze ML, Shen Y, Hemmerich J, Dale W. Age-related trends in
utilization and outcome of open and endovascular repair for abdominal
aortic aneurysm in the United States, 2001-2006. J Vasc Surg 2009;50:
722-9.
2. EVAR Trial Participants. Endovascular aneurysm repair versus open
repair in patients with abdominal aortic aneurysm (EVAR trial 1):
randomised controlled trial. Lancet 2005;365:2179-86. S
that with appropriate expertise and dedication, robotic aortic
s
t
y
l
a
c3. Blankensteijn JD, de Jong SE, Prinssen M, van der Ham AC, Buth J, van
Sterkenburg SM, et al. Two-year outcomes after conventional or endo-
vascular repair of abdominal aortic aneurysms. N Engl J Med 2005;352:
2398-405.
4. Giles KA, Landon BE, Cotterill P, O’Malley AJ, Pomposelli FB,
Schermerhorn ML. Thirty-day mortality and late survival with reinter-
ventions and readmissions after open and endovascular aortic aneurysm
repair in Medicare beneficiaries. J Vasc Surg 2011;53:6-13.
5. Schermerhorn ML, O’Malley AJ, Jhaveri A, Cotterill P, Pomposelli F,
Landon BE. Endovascular vs. open repair of abdominal aortic aneu-
rysms in the Medicare population. N Engl J Med 2008;358:464-74.
6. Mehta M, Paty PS, Roddy SP, Taggert JB, Sternbach Y, Kreienberg PB,
et al. Treatment options for delayed AAA rupture following endovas-
cular repair. J Vasc Surg 2011;53:14-20.
7. Indes JE, Mandawat A, Tuggle CT, Muhs B, Sosa JA. Endovascular
procedures for aorto-iliac occlusive disease are associated with superior
short-term clinical and economic outcomes compared with open sur-
gery in the inpatient population. J Vasc Surg 2010;52:1173-9.
8. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes
FGR. Inter-Society Consensus for the Management of peripheral Arte-
rial Disease (TASC II). J Vasc Surg 2007;45;Suppl:S5-S67.
9. Kolvenbach R, Schwierz E, Wasilljew S, Miloud A, Puerschel A, Pinter
L. Total laparoscopically and robotically assisted aortic aneurysm sur-
gery: a critical evaluation. J Vasc Surg 2004;38:771-6.
0. Coggia M, Bourriez A, Javerliat I, Goëau-Brissonnière O. Totally
laparoscopic aortobifemoral bypass: a new and simplified approach. Eur
J Vasc Endovasc Surg 2002;24:274-5.
1. Cau J, Ricco JB, Marchand C, Lecis A, Habbibeh H, Guillou M, et al.
Total laparoscopic aortic repair for occlusive and aneurysmal disease:
first 95 cases. Eur J Vasc Endovasc Surg 2006;31:567-74.
2. Kolvenbach R, Puerschel A, Fajer S, Lin J, Wassiljew S, Schwierz E, et al.
Total laparoscopic aortic surgery versus minimal access techniques: a
review of more than 600 patients. Vascular 2006;14:186-92.
3. Stádler P, Dvorácek L, Vitásek P, Matous P. Is robotic surgery appro-
priate for vascular procedures? Report of 100 aortoiliac cases. Eur J Vasc
Endovasc Surg 2008;36:401-4.
4. Novotný T, Dvorák M, Staffa R. The learning curve of robot-assisted
laparoscopic aortofemoral bypass grafting for aortoiliac occlusive dis-
ease. J Vasc Surg 2011;53:414-20.
5. Lin JC, Reddy DJ, Eun D, Fumo M, Menon M. Robotic-assisted
laparoscopic dissection of the infrarenal aorta and iliac artery: a technical
description and early results. Ann Vasc Surg 2009;23:298-302.
6. Giulianotti PC, Bianco FM, Addeo P, Lombardi A, Coratti A, Sbrana F.
Robot-assisted laparoscopic repair of renal artery aneurysms. J Vasc
Surg 2010;51:842-9.
7. Di Centa I, Coggia M, Cerceau P, Javerliat I, Alfonsi P, Beauchet A, et
al. Total laparoscopic aortobifemoral bypass: short- and middle-term
results. Ann Vasc Surg 2008;22:227-32.
8. Stádler P, Dvoracek L, Vitasek P, Matous P. Robotic vascular surgery,
150 cases. Int J Med Robot 2010;6:394-8.
9. Stádler P, Matous P, Vitásek P, Spacek M. Robot-assisted aortoiliac
reconstruction: a review of 30 cases. J Vasc Surg 2006;44:915-9.ubmitted Apr 13, 2011; accepted Jun 1, 2011.INVITED COMMENTARYMichael Belkin, MD, Boston, Mass
Lin and coauthors have nicely described their experience with
robotic-assisted laparoscopic aortic surgery. Because of the small
number of patients, the diversity of operations, and the intraoper-
ative selection process, their attempts to compare fully robotic
reconstructions with those that included minilaparotomies are
somewhat over-reaching. The authors do document, however,urgery is feasible. Whether it is practical or appropriate for prime-
ime vascular surgery is an entirely different question.
Laparoscopic aortic surgery was introduced nearly a decade ago,
et it remains an operation largely relegated to small case series in the
iterature. Less invasive endovascular treatment of aortoiliac occlusive
nd aneurysmal disease has become the mainstay of therapy and will
ontinue to grow as technology and skills evolve. Nonetheless, open
